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BACKGROUND OF THE INVENTION 



1 # Field of the Invention 

The present invention relates to l-alkyl-3-aminoindazoles and preferably 1- 
(hydroxyalkyl)-3-aminoindazoles useful as intermediates for the preparation of 1- 
alkylindazoles. Use of the l-alkyl-3-aminoin<Jazoles as intermediates avoids unwanted 
side products and results in enantiomerically pure final pharmaceutical^ active products. 
2. Description of the Related Art 

Certain (aminoalkyl)indazoles are known to be useful for treating diseases of the 
central nervous system (WO 98/30548). PCT applications PCT/US02/17115 and 
PCT/US02/16843 disclose methods of preparation of (aminoalkyl)indazoles. Specifically, 
these applications disclose the conversion of 2-(hydroxyalkyl)aminobenzaldehydes to 1- 
(hydroxyalkyl)indazoles, which are useful intermediates for the preparation of 1- 
(aminoalkyl)indazoles. 

The following references generally describe l-alkyl-3-aminoindazoles: US 
3,725,431, 3,681,382, 3,133,081; DE 2,248,175; Kawakubo et ah (1987); Vivona et ah 
(1979); Bouchet et at. (1980), Parnell, (1959). Notably, Finch and Gschwend (1971) teach 
that nitrosation of 2-benzylaminobenzonitrile (N-ben2ylanthranilonitrile) followed by 
reduction produces the uncyclized hydrazino benzonitple. 

There is a need to provide further processes and intermediates to manufacture 1- 

♦ 

(aminoalkyl)indazfcles which avoid undeSired isomers and which are capable of producing 
large quantities of the desired compound. 

All patents, patent applications, and publications referenced in this application are 
incorporated in their entirety and form a part of the present application. 
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SUMMARY OF THE PRESENT INVENTION 

The present invention overcomes these and other drawbacks of the prior art by 
providing a method, capable of scaleup, to efficiently produce large quantities of 1- 
(aminoalkyl)indazoles. More specifically, the present invention provides a method of 
making l-(aminoalkyl)indazoles in large quantities while avoiding large quantities of 
undesired isomers or by-products. 

To achieve these and other advantages and in accordance with the purposes of the 
present invention, as embodied and properly described herein, the present invention relates 
to a method of making a 1 -alkylindazole involving: 

a) the nitrosation and reduction-cyclization of a 2-alkylaminobenzonitrile to 
form a 1 -aikyl-3-aminoindazole; and 

b) ' deamination of the 1 -alkyl-3-aminoindazole to form a 1 -alkylindazole. 

In a preferred embodiment, the present invention relates to a method of making a 
l-(hydroxyalkyl)indazole involving: 

a) the nitrosation and reduction-cyclization of a 2- 
(hydroxyalkyl)aminobenzonitrile to form a 1 -(hydroxy alkyl)-3- 
aminoindazole; and 

b) deamination of the l-(hydroxyalkyl)-3-aminoindazole to form a 1- 
(hydroxyalkyl)indazole. 

Additional features and advantages of the present invention will be set forth in part 
in the description that follows, and in.part will be apparent from the description, or mdy be 
learned by practice of the present invention. The objectives and other -advantages of the 
present invention will'be realized and attained by means of the elements and combinations 
particularly pointed out in the description and appended claims. It is to be understood that 
both the foregoing general description and the following detailed description are 



exemplary and explanatory only and are intended to provide a further explanation of the 
present invention, as claimed. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 
The present invention relates to 1 -alkyl-3-aminoindazoles. More particularly, the 
present invention relates to the use of l-alkyl-3-aminoindazoles as intermediates for 
making 1-alkylindazoles. A preferred embodiment of the present invention relates to 1- 
(hydroxyalkyl)-3-aminoindazoles, and particularly to the use of l-(hydroxyalkyl)-3- 
aminoindazoles for making l-(aminoalkyl)indazoles. The l-(aminoalkyl)indazoles that 
can be made following the methods of the present invention are preferably 
enantiomerically pure products which are preferably useful as pharmacologically active 
products such as in the treatment of glaucoma and/or are useful for lowering and 
controlling noimal or elevated intraocular pressure. The methods described herein avoid 
the problems associated with removal of acetic acid and are capable of scaleup to produce 
large quantities of material for formulation in pharmaceutical compositions. 

In previous processes for producing l-(hydroxyalkyl)indazoles, such as those set 
forth in PCT application S.N.S PCT/US02/16843 and PCT/USQ2/17115, the reaction 
proceeds via nitrosation of a 2-(hydroxyalkyl)aminobenzaldehyde followed by reduction- 
cyclization to form the ^(hydroxy alky l)indazole. These steps utilized as a preferred 
solvent acetic acid, which is difficult to remove, as the solvent, and the by-products were 
difficult to remove. The process of the present invention, on the other hand, uses readily 
removed solvents and produces readily removed by-products. • 

In the. methods of the present invention, 1-alkylindazoles can be produced by 
nitrosating a 2-alkylaminobenzonitrile, followed by reduction and cyclization, to form a 1- 
alkyl-3-aminoindazole. This aminoindazole can then be deaminated to form a 1- 
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alkylindazole. In a preferred embodiment of the present invention, the nitrosation can be 

carried out on a 2-(hydroxyalkyl)aminobenzonitrile, followed by reduction and 

cyclization, to form a l-(hydroxyalkyl>3-aminoindazole. This l-(hydroxyalkyl)-3- 

aminoindazole can then be deaminated to form a 1 -{hydroxy alky l)indazole. 

5 'Preferably, the steps of nitrosation/reduction-cyclization and deamination are 

carried out using a readily removable solvent. Preferred solvents for use in the methods of 

the present invention include tetrahydrofuran and methanol. This 1- 

■ 

(hydroxyalkyl)indazole can then be further reacted to form a desired 1- 
(aminoalkyl)indazole which is preferably enantiomerically pure and is preferably a 

10 pharmaceutical^ active product. The l-(hydroxyalkyl)indazole can be reacted with a 
sulfonyl halide or sulfonic anhydride to form a corresponding sulfonic ester. This sulfonic 
ester can be reacted with a metal azide to yield a l-(azidoalkyl)indazole which in turn is 
reacted with a hydrogen source and a catalyst to yield a l-(aminoalkyl)indazole. The 
hydrogen source is preferably ammonium formate pnd the catalyst is preferably palladium 

is on charcoal in the presence of an organic solvent, such as ethanol. 

Preferably, the 2-(hydroxyalkyl)aminobenzonitrile has the formula 

R1 



R4 R 

In this formula, R is a Q> to C, 2 alkyl group substituted with at least one OH group 
and optionally substituted with phenyl, methoxyphenyl, (dimethylamino)phenyl, OR 5 , 
20 OC(=0)R 5 , OC(K))OR 5 , N(R 5 ) 2 , N(R 5 )C(=0)R 5 , N(R 5 )C(=0)OR 5 , or with one or more F 
atoms; R 1 , R 2 , R 3 and R 4 are independently H, F, CI, Br, CF 3 , OH, OR 5 , OC(=0)R 5 , 
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OC(=0)OR 5 , N(R 3 >2, N(R 5 )C(=0)R 5 , N(R 5 )C(=0)OR 5 , NO* CN, N 3 , SH, S(0) n R 5 , 
C(=0)R 5 , COOH, COOR 5 , CON(R 5 ) 2 , C, to C 6 alkyl optionally substituted with phenyl, 
methoxyphenyl, (dimethylamino)phenyl, C(=0)R 5 , COOH, COOR 5 , CONCR 5 ^, CN, OR 5 , 
OC(=0)R 5 , OC(=O)0R 5 , N(R 5 >2, N(R 5 )C(=0)R 5 , or N(R 5 )C(=0)OR 5 ; or R 1 and R 2 as 

5 herein defined taken together form a ring, or R 2 and R 3 as herein defined taken together 
form a ring, or R 3 and R 4 as herein defined taken together form a ring; R 5 is C, to C 6 alkyl 
optionally substituted with phenyl, methoxyphenyl, (dimethylamino)phenyl, methoxy, 
ethoxy, benzyloxy, or with one or more F atoms, or R 5 is phenyl, methoxyphenyl, or 
(dimethylamino)phenyl; and n = 0, 1, or 2. 

10 More preferably, R is a C 2 to C 6 alkyl group substituted with at least one OH group 

and optionally substituted with phenyl, OR 5 , N(R 5 )C(=0)R 5 , N(R 5 )C(=0)OR 5 , or with one 
or more F atoms; R 1 , R 2 , R 3 and R 4 are independently H, F, CI, CF 3 , OR 5 , OC(=0)R s , 
OC(=0)OR 5 , N(R 5 ) 2 , N(R ? )C(=0)R 5 , N(R 5 )C(=0)OR 5 , N0 2 , CN, C(=0)R 5 , COOR 5 , 
CON(R 5 ) 2 , C, to C 6 alkyl optionally substituted with phenyl, C(=0)R 5 , COOR 5 , CON(R 5 ) 25 

is CN, OR 5 , OC(=0)R 5 , OC(=0)OR 5 , N(R 5 ) 2 , N(R 5 )C(=0)R 5 , or N(R 5 )C(=0)OR 5 ; or R 1 and 
R 2 as herein defined taken together form a ring, or R 2 and R 3 as herein defined taken 
together form a ring, or R 3 and R 4 as herein defined taken together form a ring; R 5 is C, to 
C 6 alkyl optionally substituted with phenyl, methoxyphenyl, methoxy, benzyloxy, or with 
one or more F atoms, or R 5 is phenyl or methoxyphenyl. 

20 The 2-alkylaminobenzonitrile which is used in the methods of the present 

invention can be prepared by any number of reaction schemes. For instance, the 2- 
alkylaminobenzonitrile can be formed by reacting a 2-fluorobenzonitrile with an 
alkylamine in an organic solvent. In a preferred embodiment, the alkylamine is a 
hydroxyalkylamine and the product is a 2-(hydroxyalkyl)aminobenzonitrile. For instance, 

25 a 2-fluorobenzonitrile can be reacted with 1 -amino-2-propanol in the presence of an 
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organic solvent to yield the desired 2-(2-hydroxypropyl)aminobenzonitrile. Besides these 
reaction schemes, other reaction schemes can be used to form the desired starting 2- 
alkylaminobenzonitrile. Those skilled in the art, in view of the present invention, can 
form a variety of starting 2-alkylaminobenzonitriles for purposes of the present invention. 

5 As shown in the details of the preferred embodiment and Scheme 1 set forth below, 

the nitrosation can be accomplished by the addition of at least one organic nitrite or 
inorganic nitrite preferably in the presence of at least one organic solvent Examples of 
suitable nitrites include, but are not limited to, tert-butyl nitrite, isobutyl nitrite, isoamyl 
nitrite or sodium nitrite. Preferred solvents include, but are not limited to, ethers, and a 

io more preferred solvent is tetrahydrofuran. Combinations or mixtures of two or more 
nitrites can be used. This would also be true with respect to the other reactants in that 
combinations or mixtures of various reactants can be used. The intermediate nitrosamine 
is treated with a reducing agent in the presence of an organic solvent to effect reduction 
with concurrent cyclization, affording a preferred 1 -(hydroxy alky l)-3-aminoindazole. 

15 Preferably the reduction-cyclization step is conducted without isolation of the intermediate 
nitrosamine. Preferably the reducing agent is zinc, and the reduction is carried out in the 
. presence of an acidic salt such as ammonium acetate or ammonium chloride. Preferably 
the organic solvent is tetrahydrofuran or methanol, or a mixture of tetrahydrofuran and 
methanol. 

20 The deamination of the l-(hydroxyalkyl)-3-aminoindazole can be accomplished by 

reaction according to general procedures known in the art as described, for example, in 

March (1992). Preferably the deamination is accomplished by treatment of the 1- 

(hydroxyalkyl)-3-aminoindazole with an organic nitrite in the presence of a hydride source 

and an organic solvent Examples of suitable organic nitrites include, but are not limited 

25 to, tert-butyl nitrite, isobutyl nitrite, and isoamyl nitrite. The hydride source is preferably 
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hypophosphorous acid or sodium hypophosphite. Most preferably the hydride source, is 
hypophosphorous acid. The organic solvent may be an alcohol, such as methanol or 



ethanol, in which case the solvent can also function as a hydride source. Generally, the 
organic solvent is methanol. 

Depending on the starting 2-(hydroxyalkyl)aininobenzonitrile, desired indazoles 
such as l-(aminoalkyl)indazoles can be formed. As shown in the preferred embodiment 
and ifi the examples, the present invention essentially prevents the formation of unwanted 
isomers thus resulting in improved yields and a process that is less expensive. The process 
of the present invention can start with a racemic 2-(hydroxyalkyl)aminobenzonitrile, or 
can start with an (K)~ or (S)-enantiomerically enriched 2-(hydroxyalkyl)aminobenzonitrile. 
Thus, the process of the present invention permits great flexibility in the starting . 2- 
(hydroxyalkyl)aminobenzonitrile, which further permits great flexibility in forming 
various desired indazoles such l-(aminoalkyl)indazoles. The indazoles which can be 
formed using the methods of the present invention are useful in, for instance, treating 
glaucoma and/or lowering or controlling elevated intraocular pressure. 

The preferred process of the present invention uses a 2-alkylaminobenzonitrile in 
which the alkyl group is substituted by at least one OH group. The ability to have an OH 
group in such a reaction sequence is a great benefit and unexpected since those skilled in 
the art might expect that the OH group would not survive further processing. However, as 
shown in the examples, the method of the present invention allows formation of the 
desired indazole without the need for a protecting group on the hydroxy substituent Thus, 
the present invention permits the formation of various desirable indazoles, which previous 
to the present process, were quite difficult to form. 

With respect to the preferred reactants and the preferred reaction schemes, set forth 
below are preferred reaction schemes in the formation of a preferred 1 -alky 1-3- 



aminoindazole which is then subsequently subjected to preferred reactions in the formation 
of the 1-alkylindazole. While the preferred components are set forth below, it is to be 
recognized that the present invention embraces other reactants, which in view of the 
present application, can easily be used by those skilled in the art. . 

5 The following examples are included to demonstrate preferred embodiments of the 

invention. It should be appreciated by those of skill in the art that the techniques disclosed 
in the examples which follow represent techniques discovered by the inventor to function 
well in the practice of the invention, and thus can be considered to constitute preferred 
modes for its practice. However, those of skill in the art should, in light of the present 

10 disclosure, appreciate that many changes can be made in the specific embodiments which 
are disclosed and still obtain a like or similar result without departing from the 'spirit and 
scope of the invention- 
Scheme 1 




1 CH 3 2 CH 3 3 CH 3 



15 

EXAMPLES . 

Preparation of (R>6-BenzyIoxy-l<2-hydro^ (2). Tert-butyl 

nitrite (759 mL, 6.38 mol) was added to a stirred solution of (7?;-4-benzyloxy-2-(2- 
hydroxypropyl)aminobenzonitrile (1), prepared according to the methods described in 
20 PCT applications PCT/US02/17115 and PCTAJS02/ 16843, (1.20 kg, 4.25 mol) in 12 L of 
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tetrahydrofuran under an atmosphere of nitrogen. After 1 h, the solution was cooled to 15 

<>C, and 2.6 L of methanol was added followed by 10 L of saturated aqueous ammonium 
acetate solution. Zinc dust (1.1 kg, 17 mol) was added over 1.5 h, keeping the reaction 
temperature below 40 °C. Ethyl acetate (10 L) was added, and the liquid phase was 
5 decanted from the solid residue and combined with that from one additional run on the 
same scale. The combined liquid phases were partitioned between ethyl acetate and brine. 
The organic solution was dried (NajSOJ, treated with decolorizing charcoal, filtered and 
concentrated in vacuo to afford 1 976 g (78%) of 2. 

Preparation of (J?>6-Benzyloxy-l-(2-hydroxypropyl)indazole (3). Hypophosphorous 
10 acid (3.45 L of a 50% (w/w) aqueous solution) was added to a stirred solution of 2 (1975 
g, 6.65 mol) in 23.7 L of methanol under a nitrogen atmosphere. Isobutyl nitrite (1576 
mL, 13.3 mol) was added in two portions, keeping the reaction temperature below 53 oC. 
After 3 hours, a solution of Na2HP0 4 (8.5 kg) in 70 L of water was added, and the mixture 
was extracted with ethyl acetate (30 L then 15 L). The combined organic extracts were 
is washed with brine, dried (N^SOJ, treated with decolorizing charcoal, filtered and 
concentrated in vacuo. The product was purified by trituration with ethyl acetate-hexane 
followed by elution through silica using an acetone-hexane gradient, to give after 
concentration in vacuo, 1260 g (67%) of 3. 

All of the compositions and/or methods disclosed and claimed herein can be made 
20 and executed without undue experimentation in light of the present disclosure. While the 
compositions and methods of this invention have been described in terms of preferred 
embodiments, it will be apparent to tho$e of skill in the art that variations may be applied 
to the compositions and/or methods and in the steps or in the sequence of steps of the 
method described herein without departing from the concept, spirit and scope of the 
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invention. More specifically, it will be apparent that certain agents which are both 
chemically and structurally related may be substituted for the agents described herein to 
achieve similar results. All such substitutions and modifications apparent to those skilled 
in the art are deemed to be within the spirit, scope and concept of the invention as defined 
s by the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A method of making a 1 -alkylindazole comprising: 

a) the nitrosation and reduction-cyclization of a 2-alkylaminobenzonitrile to 
form a 1 -alky 1-3 -aminoindazole; and (b) 
5 b) deamination of the 1 -alkyl-3-aminoindazole to form a 1 -alkylindazole. 

2. The method of Claim 1, wherein the 1 -alkylindazole is a 1- 
(hydroxyalkyl)indazole. 

3. The method of Claim 2 wherein the (hydroxyalkyl)indazole has the formula: 



10 




wherein R is a C 2 to C l2 (hydroxy)alkyl group optionally substituted with phenyl, 
methoxyphenyl, (dimethylamino)phenyl, OR 5 , OC(=0)R s , OC(-0)OR 5 , N(R 5 ) 2 , 
N(R 5 )C(=0)R s , N(R 5 )C(=0)OR 5 , or with one or more F atoms; 

R 1 , R 2 , R 3 and R 4 are independently H, F, CI, Br, CF 3 , OH, OR 5 , OC(0)R 5 , OC(=0)OR 5 , 
is N(R 5 ) 2 , N(R 5 )C(=0)R 5 , N(R 5 )C(KD)OR 5 , N0 2 , CN, N 3 , SH, S(0) n R 5 , C(=0)R 5 , COOH, 
COOR 5 , CON(R 5 )2, C, to C 6 alkyl optionally substituted with phenyl, methoxyphenyl, 
(dimethylamino)phenyl, C(=0)R 5 , COOH, COOR 5 , CON^R?)* OR 5 , OC(=0)R 5 , 
OC(=0)OR 5 , N(R 5 ) 2 , N(R 5 )C(=0)R 5 , or N<R 5 )C(=0)OR 5 ; or R 1 and R 2 as herein defined 
taken together form a ring, or R 2 and R 3 as herein defined taken together form a ring, or R 3 
20 and R 4 as herein defined taken together fon?t a ring; 
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R 5 is C, to C 6 alkyl optionally substituted with phenyl, methoxyphenyl, 
(dimethylamino)phenyl, methoxy, ethoxy, benzyloxy, or with one or more F atoms, or R 3 
is phenyl, methoxyphenyl, or (dimethylamino)phenyl; and 
n = 0,1, or 2. 

4. The method of claim 3, wherein R is a C 2 to C 6 (hydroxy)alkyl optionally 
substituted with phenyl, OR 5 , N(R 5 )C(=0)R 5 , N(R s )C(=0)OR s , or with one or more F 



R\ R 2 , R 3 and R 4 are independently H, F, CI, CF 3 , OR 5 , OC(=0)R 5 , OC(=0)OR 5 , N(R 5 ) 2 , 
N(R 5 )C(=0)R 5 , N(R 5 )C(=0)OR 5 , N0 2 , CN, C(=0)R 5 , COOR 5 , CON(R 5 ) 2 , C, to C 6 alkyl 
optionally substituted with phenyl, C(=0)R 5 , COOR 5 , CON(R 5 ) 2 , CN, OR 5 , OC(=0)R 5 , 
OC(=0)OR 5 , NCR 5 ^, NCR^CC^R 5 , or N(R 5 )C(=0)OR 5 ; or R 1 and R 2 as herein defined 
taken together form a ring, or R 2 and R 3 as herein defined taken together form a ring, or R 3 
and R 4 as herein defined taken together form a ring; 

R 5 is C, to C 6 alkyl optionally substituted with phenyl, methoxyphenyl, methoxy, 
benzyloxy, or with one or more F atoms. 

5. A l-alkyl-3-amino indazole having the formula 



wherein R is a Cj to C 12 (hydroxy)alkyl group optionally substituted with phenyl, 
methoxyphenyl, (dimethylamino)phenyl, OR 5 , OC(=0)R 5 , OC(=0)OR 5 , N(R S ) 2 , 
N(R 5 )C(=0)R s , N(R s )C(=O)0R 5 , or with one or more F atoms; 



atoms; 
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R l , R 2 , R 3 and R 4 are independently H, F, CI, Br, CF 3 , OH, OR 5 , 0C(=O)R 5 , OC(=0)OR 5 , 



COOR 5 , CON(R 5 >2, C, to C 6 alkyl optionally substituted with phenyl, methoxyphenyl, 
(dirnethylarnino)phenyl, C(=0)R J , COOH, COOR 5 , CONGO* CN, OR 5 , OC(=0)R 5 , 
s OC(=0)OR 5 , N(R 5 >2, N(R 5 )C(=0)R s , or N(R 5 )C(=0)OR s ; or R 1 and R 2 as herein defined 
taken together form a ring, or R 2 and R 3 as herein defined taken together form a ring, or R 3 
and R 4 as herein defined taken together form a ring; 

R 5 is C, to C 6 alkyl optionally substituted with phenyl, methoxyphenyl, 
(dimethylamino)phenyl, methoxy, ethoxy, benzyloxy, or with one or more F atoms, or R 5 
10 is phenyl, methoxyphenyl, or (dimethylamino)phenyl; and 
n = 0,1, or 2. 

6. The compound of claim 5, wherein 
R is a C 2 to C 6 (hydroxy)alkyl group optionally substituted with phenyl, OR 5 , 
N(R 5 )C(=0)R 5 , N(R s )C(=0)OR s , or with one or more F atoms; 
is R l , R\ R 3 and R 4 are independently H, F, CI, CF 3 , OR 5 , OC(=0)R s , OC(=0)OR s , N(R 5 ) 2 , 
N(R 5 )C(=0)R 5 , N(R 5 )C(=0)OR 5 , N0 2 , CN, C(=0)R 5 , COOR 5 , CON(R 5 ) 2 , C, to C 6 alkyl 
optionaUy substituted with phenyl, C(=0)R 5 , COOR 5 , CONCR 3 )^ CN, OR 5 , OC(=0)R 5 , 
OC(=0)OR 5 , N(R 5 )2, N(R s )C(=0)R 5 , or N(R 5 )C(=0)OR 5 ; or R' and R 2 as herein defined 
taken together form a ring, or R 2 and R 3 as herein defined taken together form a ring, or R 3 
20 and R 4 as herein defined taken together form a ring; 

R 5 is C, to C 6 alkyl optionally substituted with phenyl, methoxyphenyl, methoxy, 
benzyloxy, or with one or more F atoms, or R 5 is phenyl or methoxyphenyl. 



NCR.% NOR^C^R 5 , N(R 5 )C(=0)OR i 



L 5 , N0 2 , CN, N 3 , SH, S(0)„R 5 , C(=0)R s , COOH, 
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ABSTRACT 

Methods of making 1-alkylindazoles are described. The methods involve reacting a 
2-alkylaminobenzonitrile with a nitrosating agent followed by reduction-cyclization of the 
resulting nitrosamine to form a 1-alkyW-aminoindazole. The l-alkyi-3-aminoindazole can 
be deaminated to form a 1-alkylindazole which ultimately can be used to form desired 
indazoles which are preferably pharmaceutical^ active products. The process of the present 
invention further permits the formation of enantiomerically enriched or pure indazoles such 
as aminoalkyl indazoles. 
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